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ABSTRACT
Atmospheric escape is an important process that controls the long-term evolution of close-in planets.
We perform radiation hydrodynamics simulations of photo-evaporation of exoplanets’ atmospheres to
study the effect of photoelectric heating by far-ultraviolet (FUV) radiation. Specifically, we consider
a close-in hot Jupiter around a hot A-star. Hot main-sequence stars emit not only extreme ultraviolet
radiation but also FUV radiation, and thus can drive strong atmospheric escape by photoelectric
heating. We show that the planetary atmosphere escapes at a rate of M˙ ∼ 1014 g/s if the atmosphere
contains heavy elements and dust grains with the level of ten percent of the solar metallicity. Close-
in planets around hot stars can lose a significant fraction of the atmosphere during the long-term
evolution. We also explore the metallicity dependence of the FUV driven escape. The mass-loss rate
increases with increasing the atmosphere’s metallicity because of the enhanced photoelectric heating,
but the stellar FUV flux decreases with increasing stellar metallicity. The net dependence nearly
cancels if we assume the same or similar metallicities for the planet and the host star. We derive an
accurate estimate for the mass-loss rate as a function of FUV flux and metallicity, and of the planet’s
characteristics. The FUV driven atmospheric escape may be a key process to understand and explain
the so-called sub-Jovian desert.
Keywords: hydrodynamics — methods: numerical — planets and satellites: atmospheres — planets
and satellites: physical evolution
1. INTRODUCTION
Hot Jupiters are gas giant planets orbiting close to
the host star. Intense radiation from the star can heat
the planets’ atmosphere, and photo-evaporation, or the
so-called atmospheric escape, can be driven by heat-
ing associated with ultraviolet or X-ray photoionization
(Yelle 2004; Tian et al. 2005; Murray-Clay et al. 2009;
Owen & Jackson 2012). Spectroscopic observations dur-
ing transit have revealed atmospheric escape from exo-
planets such as HD209458b (Vidal-Madjar et al. 2003)
and GJ 436b (Ehrenreich et al. 2015). It is thought that
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atmospheric escape is one of the key processes that de-
termine the long-term evolution of a gaseous planet.
Interestingly, recent statistical studies of exoplanet
populations suggest absence of intermediate-mass
(0.02MJ < Mp < 0.8MJ) and short-period (P <
3 d) planets, which is called “sub-Jovian desert”
(Szabo´ & Kiss 2011; Mazeh et al. 2016). Similar
paucity is also reported for close-in planets with ra-
dius of ∼ 1.8R⊕ (Fulton et al. 2017). Szabo´ & Ka´lma´n
(2019) suggests that the boundary of the sub-Jovian
desert depends on the metallicity and the effective tem-
perature of the host star. Allan & Vidotto (2019);
Owen & Wu (2017) argue that these trends can be ex-
plained by atmospheric escape driven by UV/X-ray ra-
diation from the host star. If the radiation-driven at-
mospheric escape is the dominant physical process that
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can explain these observed features, it is important to
explore theoretically the possible metallicity and stellar
temperature dependence of the atmospheric escape.
Previous theoretical studies focus on the effect of
photoionization heating by extreme-ultraviolet (EUV;
13.6 eV < hν < 100 eV) photons and X-rays.
There are also many studies that consider atmo-
spheric escape from close-in planets around sun-
like stars (Murray-Clay et al. 2009; Koskinen et al.
2013; Owen & Jackson 2012; Owen & Adams 2014;
Tripathi et al. 2015). Recent observations have discov-
ered several hot Jupiters around hot A-stars (KELT-9b;
(Gaudi et al. 2017), KELT-20b; (Lund et al. 2017)). It
is important to notice that a hot A-star emits a copi-
ous amount of far-UV (FUV; hν < 13.6 eV) photons
that can also cause photoelectric heating, while it emits
relatively weak EUV radiation because of the lack of
surface convection (Fossati et al. 2018). Unfortunately,
the effect of FUV radiation has not been explored in the
context of exoplanet atmospheric escape. FUV photo-
electric heating of dust grains and polycyclic aromatic
hydrocarbons (PAHs) is known to be a major heating
mechanism in star-forming gas clouds and in the inter-
stellar medium (ISM) (e.g., Watson 1972; Jura 1976;
Bakes & Tielens 1994). We argue that the same heating
process can be important in, for example, close-in dusty
planets around hot stars that have been discovered (e.g.
Pont et al. 2013; Nikolov et al. 2015).
In the present paper, we perform radiation hydrody-
namics simulations of atmospheric escape from a close-in
gas giant irradiated by a hot star. Our simulations in-
clude the radiative transfer of EUV and FUV photons
and non-equilibrium chemistry and thus allow us to ex-
amine the thermal evolution of the planet atmosphere
and the effect of FUV photoelectric heating. We run a
set of simulations with systematically varying the metal-
licity in the planetary atmosphere. We also investigate
the stellar effective temperature dependence of the at-
mospheric escape rate. The rest of the paper is orga-
nized as follows. In Section 2, we present the models
of our simulations. In Section 3, we show the results of
our simulations. In Section 4 and Section 5, we discuss
the mass loss due to FUV heating and give a summary,
respectively.
2. NUMERICAL MODEL
We use the hydrodynamics simulation code PLUTO
(Mignone et al. 2007) suitably modified for our study.
Our code incorporates the ray-tracing radiative transfer
of EUV and FUV photons as in Nakatani et al. (2018a).
We run 2D axisymmetric simulations to follow the long-
term thermal evolution of the planetary atmosphere.
The fiducial model parameters are listed in Table 1.
The values are chosen for the atmospheric escape from
planets around hot A-stars. Our model is also aimed
at addressing possible physical causes of the sub-Jovian
desert. We calculate the stellar FUV flux from the spec-
tral model of a 10000K star (Husser et al. 2013) by inte-
grating the flux in the range of 6 eV to 13.6 eV. For EUV,
we use the model spectrum of Fossati et al. (2018) for
a 10000K star. We perform additional simulations in
order to study the effect of the stellar spectrum and of
the metallicity. The model variation is introduced in
Section 3.
Table 1. Model parameters in the Fiducial Run
Stellar parameters
Stellar Mass M∗ 3M⊙
Stellar Radius R∗ 1.6R⊙
Stellar EUV photon emission rate 4.4× 1038 photons/s
Stellar FUV luminosity 1.5× 1034 erg/s
Planetary parameters
Planet Mass Mp 0.3 MJ
Planet Radius Rp 1RJ
Semi-major axis a 0.045 AU
Metallicity Z 0.1Z⊙
Dust-to-gas mass ratio 0.001
2.1. Heating and cooling processes
Our simulations include the photoionization heating
by EUV photons and photoelectric heating by FUV pho-
tons.
We adopt the photoelectric heating rate of
Bakes & Tielens (1994):
Γpe=10
−24 ǫGFUV nHZ/Z⊙ ergs s
−1 cm−3 (1)
ǫ=
4.87× 10−2
1 + 4× 10−3 (GFUV
√
T/ne)0.73
+
3.65× 10−2(T/104 K)0.7
1 + 2× 10−4GFUV
√
T/ne
(2)
where ǫ is the heating efficiency that depends on the gas
temperature T , electron density ne and the normalized
local FUV flux GFUV, and nH is the hydrogen nuclei
number density. The FUV flux is computed as GFUV =
F0 exp(−1.8AV)/(1.6× 10−3 erg s−1 cm−2), where AV is
the visual extinction.
The adopted heating efficiency in Equation (2) implic-
itly assumes ISM-like carbonaceous grains (Mathis et al.
1977) with a dust-to-gas mass ratio of 0.01 for Z =
1Z⊙. Although little is known about the nature of
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Figure 1. Structure of the planetary atmosphere in simulations with different metallicities: Z = 0.5 × fiducial (Top rows),
Z = fiducial (Middle rows), Z = 2× fiducial (Bottom rows) at t = 1.2days (left), t = 5.8days (middle), and t = 23days (right).
The central star is located to the left. In each panel, the upper half shows the density profile and the lower half shows the
temperature profile, and the arrows show the gas velocity field.
4 Mitani et al.
dust in exoplanet atmosphere, our choice here is mo-
tivated by the fact that Titan’s upper atmosphere is
known to have a PAH abundance similar to that of the
ISM (Lo´pez-Puertas et al. 2013). Also the dust-to-gas
mass ratio in hot Jupiters is suggested to be ∼ 0.001
(Helling et al. 2016, 2019). We thus set the planetary
atmosphere to be ISM-like with Z = 0.1Z⊙ as our fidu-
cial model. We assume a uniform dust-to-gas mass ratio
over the computational domain for simplicity. This as-
sumption is valid when photo-evaporative flows replen-
ish small dust grains from the flow base into the upper
atmosphere (Wang & Dai 2018). We will discuss the de-
struction/sublimation of dust/PAH and the influence on
our results in Section 4.2.
The major cooling processes incorporated in our simu-
lations are recombination cooling of H II (Spitzer 1978),
Lyα cooling of H I (Anninos et al. 1997), fine structure
line cooling of O I and C II (Hollenbach & McKee 1989;
Osterbrock 1989; Santoro & Shull 2006) and molecu-
lar line cooling of H2 and CO (Galli & Palla 1998;
Omukai et al. 2010).
2.2. Initial and boundary conditions
Our 2D simulations adopt cylindrical coordinates.
The computational domain is defined on a region with
R = [0, 4]× 1010 cm and z = [−4, 4]× 1010 cm. The do-
main is configured with the numbers of cells (NR, Nz) =
(480, 960).
The initial density profile of the atmosphere is given
by a hydrostatic isothermal model
ρ(r) = ρp exp
[
GMp
c2s
(
1
r
− 1
Rp
)]
, (3)
where r, ρp and cs are the radius measured from the
planet center, the density at the surface of the planet
(r = Rp), and the sound speed, respectively. The upper
atmosphere of a hot Jupiter is likely to have a cool lower
layer and a hot upper layer (Murray-Clay et al. 2009).
We set the initial temperature of the lower atmosphere
(r < 1.1Rp) to 2000K and that of the upper atmosphere
(r > 1.1Rp) to 10000K. The pressure gradient is set
to be continuous across the boundary between the two
layers.
We expect that the inner core region of the planet
does not affect the structure of the upper atmosphere.
We thus do not follow the dynamical evolution of the
inner region (r < 0.85Rp). The temperature and the
density there are fixed throughout the simulation, and
the outward velocity is set to vout = 0 so that there
should be no inflow of material from the core.The Mach
number and the density contrast are set to 2 and 1 at
the outer boundary, respectively, to avoid spurious re-
flections and nonphysical accumulation of the escaping
gas. By running several test runs, we have confirmed
that this somewhat artificial boundary conditions do not
significantly compromise our results. The mass-loss rate
during the steady state increases by only 30%, and there
is little effect on the velocity field compared to the run
in which we set a larger computational domain that cov-
ers the whole transonic region of the photo-evaporative
flows with the conventional outflow boundary condition.
It is important to resolve the launching layer of photo-
evaporative flows, especially for accurate estimation of
the mass-loss rate. On the other hand, our simulations
are computationally expensive mainly because we follow
non-equilibrium chemistry. The volume of the compu-
tational domain and the outer boundary conditions are
chosen so that we can maximize the resolution in the
regions of interest while saving computational cost.
3. RESULTS
3.1. photo-evaporation rate
Figure 1 shows the atmospheric structure in our sim-
ulations. We first discuss our fiducial case shown in the
middle row. The system reaches a quasi-steady state in
t ∼ 5 days, which is about 50 times the crossing time.
The gas temperature of the atmospheric surface is close
to 104K, being sufficiently high to drive atmospheric es-
cape against the planetary gravity. The speed of the
flow reaches ∼ 10 km/s (close to cs) at around r > 4Rp.
Radial profiles of various physical quantities in the
region at R = 0, z > 0 are shown in Figure 2. FUV pho-
toelectric heating is the most efficient heating process.
The energy advection v∇e is important at r > 2Rp. In
our simulations, the gravitational force by the central
star exceeds the sum of the centrifugal force and the
planet’s gravity at r > RHill = a
3
√
Mp/3M∗ ∼ 3Rp. Be-
yond r ∼ 3Rp, the gas flows nearly adiabatically under
the influence of the host star’s gravity. It is interesting
that EUV heating is negligible in most of the plotted
region and can be seen only on the right end of Figure
2. The PdV cooling is the most efficient cooling process
and all the other cooling sources such as metal line cool-
ing are sub-dominant.The abundance of heavy element
and dust grains affects the heating efficiency in the plan-
etary atmosphere, but does not cause significant impact
to the overall cooling rate.
We calculate the mass-loss rate M˙ by integrating
the mass flux across the square boundary defined by
|z| = 2.9Rp, R = 2.9Rp. After the system reaches a
quasi-steady state, the mass-loss rate remains nearly
constant at M˙ ∼ 1014 g/s, which is much larger than
typical EUV photo-evaporation rate of the order of M˙ ∼
109−11 g/s (Murray-Clay et al. 2009; Owen & Jackson
2012; Allan & Vidotto 2019).
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Figure 2. Radial profiles of fiducial models at R = 0, t = 23
d. The fluid quantities (T, ρ,−vz; Top panel) and the heating
and cooling rate (Bottom panel) are shown.
The high mass-loss rate due to the FUV photoelectric
heating can evaporate the entire planets (see Section
4.4).
3.2. Metallicity dependence
To investigate the origin of observed sub-Jupiter
desert, we study the metallicity dependence of mass-
loss rates. We run a set of simulations with gas metal-
licities Z = 0.05Z⊙, 0.1Z⊙, 0.2Z⊙. These runs are
aimed at studying the metallicity dependence of photo-
evaporation rate driven by FUV photoelectric heating.
The atmospheric structures for the runs with Z =
0.05Z⊙, 0.1Z⊙, 0.2Z⊙ are compared in Figure 1. Since
the photoelectric heating rate scales with Z (Equa-
tion [2]), the gas temperature is higher in the metal-rich
atmosphere than in the metal-poor case.
Figure 3 compares M˙ for different gas metallicities.
The mass-loss rate is proportional to the product of the
geometrical cross section of the planetary atmosphere
and the launch velocity of photo-evaporative flows as
M˙ ∝ πR2ρv. For higher metallicities, the base radius
and the velocity become larger owing to the higher opac-
ity and the larger temperature gradient. The result-
ing mass-loss rates are correspondingly larger for metal-
rich planets. Our simulations suggest that the metal-
licity dependence of the base radius, where the photo-
evaporative flows are launched, to scale approximately
as Rbase ∝ Z0.2. The base density and the launch
velocity scale as ρbase ∝ Z−0.5 and the base velocity
vbase ∝ Z0.8. With all these dependencies, the mass-
loss rate is expected to scale as M˙ ∝ Z0.7 in the cases
with 0.05Z⊙ < Z < 0.2Z⊙ This trend results from the
increasing heating rates for higher metallicity. We note
that the rates of the dominant cooling are independent
of the metallicity (see Section 3.1). The metallicity de-
pendence suggests that it is more likely to encounter
metal-poor hot Jupiters than metal-rich hot Jupiters. It
contradicts higher occurrence of hot Jupiters in metal-
rich systems. This may indicate that the higher occur-
rence originates from formation process of hot Jupiters.
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Figure 3. Metallicity dependence of the mass loss rate.
We calculate the mass-loss from the region defined by |z| =
2.9Rp, 0 < R < 2.9Rp.
3.3. Stellar spectrum and the effective temperature
Atmospheric escape from planets around sun-like stars
or around pre-main-sequence stars with low effective
temperatures has been studied extensively in the liter-
ature. Since the FUV emissivity depends strongly on
the stellar effective temperature, it is important to ex-
amine cases with different stellar temperatures (spectral
types). To this end, we perform additional simulations
with varying the FUV flux of the host star. We note
that the EUV flux does not strongly depend on the stel-
lar effective temperature (Fossati et al. 2018). It is thus
reasonable that we set the EUV flux to be the same as
our fiducial model but vary only the FUV flux. This also
makes our comparison simple and easy to interpret. In
practice, we run simulations with 1/10, 1/100, 1/1000,
1/100000 of the fiducial FUV flux. We fix the stellar
mass and radius to the solar values. We also run simu-
lations with only EUV radiation. In the EUV only case,
we assume the fiducial EUV flux. The results of these
test runs are used to calculate and compare the mass
loss caused by the EUV radiation.
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The resulting mass-loss rates are shown in Figure 4.
For planets around hot stars (> 6000K), FUV can drive
the atmospheric escape, whereas EUV is important for
cooler stars with T < 6000K). We find that the mass-
loss rate can be accurately estimated by considering the
net heating of the atmosphere by FUV radiation as
M˙ = ǫ
πR3pFUV(1AU)
GMp
( ap
1AU
)−2
(4)
=1.5× 1012 ǫ
(
FFUV
1030erg/s
)
×
(
Rp
Rj
)3(
Mp
Mj
)−1 ( ap
0.045AU
)−2
g/s (5)
where ǫ is the heating efficiency. We adopt the FUV
heating efficiency in Equation (2), and assume elec-
tron density ne = 10
9 cm−3 and gas temperature
T = 104 K. The above formula reproduces the results
of our FUV + EUV runs well, as shown in Figure 4.
Note that the mass-loss rates in cases with EUV radi-
ation only can be estimated as in Watson et al. (1981);
Lecavelier Des Etangs (2007); Erkaev et al. (2007) by
similarly considering the heating effect with energy-
limited approximation.
The effect of EUV radiation is stronger than FUV
radiation for stars cooler than the sun. Since
the FUV photoelectric heating efficiency is much
smaller than that of EUV photoionization heating
(Murray-Clay et al. 2009), close-in planets around cool
stars lose the atmosphere through the EUV heating.
However, around hot stars that emit stronger FUV ra-
diation than the sun by several magnitudes, planets can
lose their atmospheres through the FUV photoelectric
heating. The resulting high mass-loss rate may cause
apparent paucity of Hot Jupiters around hot stars.
4. DISCUSSION
4.1. Stellar metallicity dependence
We have shown that the atmospheric mass-loss rate
depends on the metallicity of the planet’s atmosphere.
The stellar metallicity is also likely to affect the mass-
loss rate through the increased/decreased FUV flux. We
first show the metallicity dependence of the stellar FUV
flux in Figure 5. We calculate the FUV flux using the
theoretical stellar spectra of Husser et al. (2013).
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Figure 4. The flux dependence of the mass-loss rate. The
points represent the simulation results and the solid curve
represents our analytical model prediction (Equation 5). The
dashed curve shows the rate of mass loss caused only by the
EUV radiation.
The FUV flux of metal-poor stars is larger than those
of meta-rich stars owing to the smaller opacity of the
stellar atmosphere, and the difference is larger for cooler
stars.
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Figure 5. Stellar FUV flux and the metallicity dependence.
The FUV flux ratios to that of the Z = Z⊙ case are shown.
We calculate the FUV flux using the spectral template of
Husser et al. (2013).
We can also examine the net metallicity dependence
by incorporating both the variations in stellar FUV flux
and the FUV heating rate in the planetary atmosphere
(Figure 6). We assume that the metallicity of the plane-
tary atmosphere is the same as the stellar one. Interest-
ingly, the two effects on the mass-loss rate almost cancel
out for cool stars with Teff = 5800, 7000K. The FUV flux
decreases as the stellar metallicity increases, whereas the
FUV heating efficiency increases. For hot stars with
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Teff = 10000 K, we find the dependence on the plane-
tary metallicity is stronger; the mass-loss rate varies by a
factor of 3 between Z = 100.5Z⊙ and Z = 10
−0.5Z⊙ be-
cause the FUV flux does not differ significantly. This is
consistent with the cases studies in Section 3.2 where we
varied only the planet’s metallicity. Overall, not only the
planetary atmosphere but also the host star’s metallic-
ity critically determine the efficiency of the atmospheric
escape. The net effect can even appear opposite to the
case where only the planet’s metallicity is considered.
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Figure 6. The net metallicity dependence of the mass loss
rate. We assume that the metallicity of the atmosphere is
the same as the host star.
4.2. Dust/PAHs destruction
We have implemented photoelectric heating by small
graphite grains and PAHs (Bakes & Tielens 1994). In
our simulations, the gas temperature reaches ∼ 104K,
above the sublimation temperature of graphite of ∼
2200K at nH ∼ 1013 cm−3(Baskin & Laor 2018). Thus
the graphite grains in the hot atmosphere may subli-
mate, and the photoelectric heating can become ineffi-
cient. However, about a half of the photoelectric heat-
ing rate is contributed by PAH-like small grains with
NC < 1500 carbon atoms. Hence we expect, very
roughly, that the sublimation of graphite can reduce the
resulting mass-loss rate by a factor of 2.
In the photo-evaporative flows where the tempera-
tures is ∼ 104K, PAH carbon atoms can be lost by col-
lisions with helium (Micelotta et al. 2010). The PAH
lifetime is estimated as
τ0 =
NC
RT
∼ 106−10s (6)
where RT is the rate coefficient for collisional destruc-
tion. This lifetime should be compared with the hy-
drodynamical timescale, the sound crossing time of τ =
Rp/cs ∼ 104 s. Clearly, destruction of PAHs is unimpor-
tant in the escaping atmosphere of the hot Jupiters we
study here.
4.3. Other heating processes
FUV radiation is absorbed through the hydrogen
Balmer series transitions and can drive the so-called
Balmer escape. Garc´ıa Mun˜oz & Schneider (2019) sug-
gest that M˙ of the Balmer escape is similar to what
we find in our simulations. Rapid mass-loss has
been observed around ultra-hot Jupiter, KELT-9 b
(Wyttenbach et al. 2020), which is undergoing mass-
loss consistent with Balmer escape and with our model.
Since Balmer escape does not depend on the metallicity
of the atmosphere, the mass loss rate is expected to de-
pend largely on the host star’s FUV flux. It would be
interesting to understand the relative importance and
the combined effect of these two processes as a function
of metallicity.
X-ray heating is also effective to drive atmospheric es-
cape from planets around active stars (Owen & Jackson
2012). Young stars, e.g. pre-main-sequence stars, emit
strong X-ray radiation to drive atmospheric escape. X-
rays can penetrate deep into the interior of the planet’s
atmosphere, and increase the electron density and FUV
heating rate in a coupled manner. The ”boosting” effect
is observed in simulations of protoplanetary disk photo-
evaporation (Gorti & Hollenbach 2009; Nakatani et al.
2018b). We shall investigate the effects of these heating
processes in our future work.
4.4. Sub-Jovian desert
Our simulations suggest that a close-in giant planet
can lose a large fraction of its atmosphere in tesc =
Mp/M˙ ∼ 108−9 yrs. In our fiducial model, the plane-
tary atmosphere can actually be lost in 6×107 yrs, which
is shorter than the lifetime of a hot A-star. Therefore,
the so-called sub-Jovian desert may be explained by the
FUV-driven atmospheric escape.
The photoelectric heating efficiency depends on the
amount of dust grains in the atmosphere, and thus we
expect the photo-evaporation rate scales with the atmo-
sphere’s metallicity. We have run a set of simulations
and have shown that the mass-loss rate is systemati-
cally larger for metal-rich planets than for metal-poor
planets (Section 3.2). Interestingly, the trend appears
opposite to the observation that the sub-Jovian desert
is more prominent for planets around metal-poor stars.
We argue that the net dependence may be more compli-
cated because the stellar SED also depends on the host
star’s metallicity. In fact, for cool stars, the metallicity
dependence nearly cancels out (Section 4.1) and thus
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the atmospheric escape rate does not sensitively depend
on the metallicity.
The abundance of sub-Jupiters around metal-rich
stars may be explained by the planet-metallicity corre-
lation (Fischer & Valenti 2005), because the mass-loss
rate for planets around cool stars does not strongly de-
pend on the metallicity (Section 4.1). Our results sug-
gest that the sub-Jovian desert for hot star systems may
differ from cool star systems. Close-in planets around
metal-rich, hot stars lose the atmosphere quickly, which
can shape the sub-Jovian desert. Further studies on
planet population synthesis that incorporate the atmo-
spheric escape will reveal the origin of the observed sub-
Jupiter desert.
5. CONCLUSION
Atmospheric escape is one of the key physical pro-
cesses in the study of exoplanet populations. Previ-
ous theoretical studies have clarified the effect of EUV
photoionization heating, and our present study suggests
that FUV photoelectric heating can also be important
in close-in planets if the planetary atmosphere contains
a significant amount of dust grains. The FUV heat-
ing effect can be even dominant for planets around hot,
A-stars. Our radiation hydrodynamics simulations show
that the FUV radiation can raise the gas temperature to
10000 K. The effective gas heating drives atmospheric es-
cape so strongly that a large fraction of the atmosphere
can be lost in about 100 million years. The FUV driven
mass loss rate M˙ is larger for metal-rich planets. How-
ever, the simple dependence does not seem to explain
the observed metallicity dependence of the sub-Jovian
desert (the paucity of close-in planets around metal-
poor stars). We argue that our results are consistent
with the observation if the metallicity dependence of
the host star’s FUV flux is properly taken into account.
Metal-rich stars with weaker FUV radiation drive at-
mospheric escape less effectively. Considering both the
planet’s and the host star’s metallicity is important to
understand the statistics of close-in planets. Future ob-
servations of populations of close-in planets will clarify
the metallicity dependence, both of planets and of host
stars, and then will help us with understanding the phys-
ical mechanism of atmospheric escape.
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